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INTRODUCTION 
The measurements or refractive indices or ethyl 
alcohol and water mixtures have been performed by several 
investigators, and their findings are published in the 
lnternational Critical '!ables. 
Data of refract! ve indices are given for several 
temperatures, from l5°C to 30°C, and for concentrations or 
alcohol ranging from 0 to 100 percent. In spite or these 
se~ingly numerous data, no satisfactory conclusion can 
be dra\lll as to the peculiar shape or re:rracti ve index-
concen~ration curves and no comparison or these curves 
with each other can be made when aeasurements at the tem-
peratures above 20°0 are considered. This is mainly due 
to the fact that determinations or refractive indices 
above 20°0 were not pe·rtormed tor the same range or alco-
hol concentrations; they were made by several investiga-
tors who had various purposes in view. 
The work described 1n the following ptges con-
sists of measuring refractive indices of alcohol water 
mixtures at temperatures fran 20°C to 35°C, each time 
for the same concentration of alcohol. An attempt is made 
to correlate the findings with sone recent views on the 
theory of solutions and the structure of alcohol and of 
water molecules. 
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PART I - THEORETICAL 
The refractive power of a molecule is an addi-
tive and constitutive property depending on the number 
and kinds of atoms present and on the way these atoms are 
linked together. The atomic refraction of carbon, for 
example, is modified by the presence in a molecule of 
single, double and triple bonds. Constitutive properties 
usually predominate in case of chemical compounds; addi-
tive properties in case of mixtures in which no reaction 
of any kind takes place. Alcohol and water mixturea do 
not follow an additive mixture rule, as can be expecte4 
from the taet that d~inution in volume and liberation 
of heat take place in mixing. 
According to theoretical considerations, an in-
crease in iens1ty ot a substance should cause an increase 
in refractive index, since the numerical Talue of a de-
v sin 1 
nominator in the equation: n•- · becomes smaller 
~ sin r 
while numerator remains constant ( n•index ot refraction, 
v-speed of light in the first medium, v,= speed of light 
in the second medium, i•angle of incidence, r-angle of 
retraction). Speci'-ic refraction of a substance formulated 
and Lorentz is r=n-l and 
-r 
where r is specific refraction, n 
by Gladstone and Dale and Lorentz 
2
-1 1 
r•D2 -respectively, n +2 d 
4 
is refractive index and d is density. Gladstone and Dale's 
equation is empirical while Lorenz and Lorentz' is based 
on the electromagnetic theory of light. 
In measuring refractive index of alcohol and 
water mixtures an increase in concentration of alcohol par 
unit volume of solution causes a decrease in specific 
gravity of solution which should be accompanied by a decrease 
in refractive index. Experimental results, however, are 
contrary to this line of thought. 
When refractive indices of alcohol and water 
mixtures were measured at 20, 25, 30 and 35 degrees centi-
grade, with the concentration of alcohol ranging frQn 0 to 
96 percent by weight, it became evident from the curves 
plotted that, with increasing concentration of alcohol, re-
fractive index also increases until it attains a certain 
maximum value. FUrther increase in concentration of alcohol 
is accompanied by decrease in refractive index. !he values 
of refractive index for the same percent concentration of 
alcohol are greatest when measured at 20°0 and smallest 
when measured at 35°0. 
a An explanation proposed by John Holmes , who 
obtained as a result of his experiments curves of similar 
a J. Chem. soc. 95, 1919, (1909); 103, 2147, (1913) 
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ahape, is that physical forces alone operate in solution. 
Volume change as well as ret~etion of alcohol 
water mixtures are not additive properties. 'I'he maxim-
um differences in refraction occur at exactly the same 
concentm tions as the maxima tor volume change. Holmes 
observes that deviation in refractive index tram theo-
retical additive relation follows closely the change in 
volume. 
Assuming that molecules are spherical in shape, 
they can be packed together more or less closely, depend-
ing on the number of molecules present and the magnitude 
ot their radii. 
In a binary mixture like alcohol and water, 
the torees acting between these liqiids are, according 
to Holmes, those of repulsion rather than attraction. 
It contmction in volume occurs, it is because the 
change resulting from close packing of water and alco-
hol molecules is greater in ma.gni tude than normal for-
ces ot repulsion. When close packing is at the max-
imum, the inter-molecular spaces are reduced to minim-
um, hence the contraction in volume is the greatest. 
6 
Molecular spaces or ethyl alcohol, calculated 
by Holmes, are 1.48 when compared to water, equal to 1. 
As the concentration ot alcohol in water increases tram 
0 percent to 7'1 percent the close packing o t m.eleculea 
increases until it reachas max~um value. The interspaces 
being 41m1n1~ed cause the increase in refractive index. 
W'1 th turthe.r increase in concentration or alcohol, the 
close packing becomes probably smaller, hence the decrease 
in retract! Te 1n4ex. 
'rb.e volume ratio or the molecular spheres varies 
little 111 th the t•:parature and :la proportional to the 
dirrerences in the eoetricients o~ expansion or the li!Ui4a. 
When apecitic retract ions or alcohol-water mix-
tures are caleulated with the aid ot Lorenz and Lorentz 
tormula: ~:;~ f (r-ap. retraction, n•retracti ve index, 
d-densi tr), and also 11! th the aid ot additive mixture rule: 
r•q,xr,+~xr2 , p.3Q, (r-ap. retraction ot tae mixture, CJ.,• 
quu:ti"Q' or water, r,-sp. retraction or water, ~-quantity 
or alcohol, ra•ap. retraction or alcohol}, the values ob-
tainect agree very closely w1 th each other, the greatest 
discrepancy being 0.001, p.30. 
This additive relation or alcohol and water points 
to the existence or ideal solution in which no interaction 
ot any kind takes place. Retractive index values, on the 
7 
other hand, which enter into calculations of s pecitic re-
tractions deviate considerably from additive relation, 
the greatest deviation occurring at about ~5% alcohol, 
MOlecular association of alcohol due to unsa-
turated or aecondar,r valence forces producing compounds 
in which electrons or hydrogEil nuclei an shared is re-
pudiated by smytha on the ground that such associated 
alcohol. 
should. eauae a decrease in m.olecula r refrae ti on; calcu-
lations show that attachment o:r a l:Q1lrogc nucleus to oxy-
gen brings a considerable reduction in retraction in the 
following manner: 
0•1; OH- 5.10; OH 3.75; Qg+ 3.04 
2 3 
Since the degree ot association Taries by mixing 
w1 th another liquid, the change in cone en tration should 
be accompanied by variation 1n re·fraction which, howver, 
is not detectable experimentally. 
Association found in water, alcohol and other 
polar liquids is attributed by smyth as due to dipole in-
~~-~~-------~-------------------------------------------
a C. P. Smyth: Dielectric Constants and Molecular Struc-
ture, The Chemical Catalog Co., Inc., 1931, New York. 
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~eraction withou• actual sharing ot electrons between mole-
cules. The quantitative expression ot th• interaction ot 
molecular dipoles becomes very ditticult, in view or the 
tact that ett'ects ot the dipoles upon one another depend 
not only upon their electric moments, but also upon the 
location or these moments in the molecules and upon the 
size and shape ot molecules. 
These ettects or dipole interaction gi~ evi-
dence to the tact that when mixtures are investigated tor 
ditterent properties, they exhibit maxima and minima at 
ditterent concentrations. In mixtures ot polar molecules 
w1 th non-polar, the non-polar molecules reduce the torce 
acting between polar molecules and cause, tor example, an 
increase in vapor pressure and reduction in viscosity. 
In mixtures ot two polar liquids like alcohol and water, 
there ia an interaction between molecules or the same kind 
and also or ditterent kinds; and, therefore. the behavior 
ot two polar liquids is not always the reverse or that be-
tween polar and aon-polar. The properties ot polar li-
quids may be intluenced more by one kind ot dipole inter-
action than by another, hence, various positions ot maxi-
ma and minima. 
The vapor pressure curve ot alcohol am water 
is raised by mixing these liquids, probably because it 
is intluenced mostly by attraction ot alcohol and water 
9 
molecules, thus reducing forces acting between alcohol 
and alcohol, and water and water molecules. Viscosity 
and refractive index, on the other band, are increased 
in alcohol water solutions because these properties are 
influenced by attraction of molecules of the same kind. 
!he relative orientation of dipoles is impor-
tant in determining the behavior of mixtures. Some ot 
the possible dipole orientations which determine the de-
gree and the stability of molecular association are: 
+ 
- + - +-
+ -- --
+ 
.,. 
+ 
The shape and the- size of molecules also play an im.portant 
part in formation of molecular aggregates. Spherical mole-
cules in which dipoles are more centrally located than in 
fibrillar molecules should exhibit smaller tendency to 
associate than the latter type. a 
More recent work based on optical measurements 
throws light on the molecular structure ot water and alco-
hol, and explains forces acting 1n solutions • 
.. __. .... ________________ ~----...----------~---~---........ ---... ~.-.-.....--
a E. A· Hauser, Colloidal Phenomena, 1st Ed., p. 200, 
1939, MoGraw-Hill Book Compan;r, Inc. New York 
10 
------------------------------------------------~~--~11 
The structure of water as proposed by Bernal 
a b 
and Fowler and further extended by Gibson is based on 
x-ray and spectroscopic data whi~ show each water mole-
~le surrounded tetrahedrally by four other water mole-
cules placed at a certain distance. Such arrangement is 
possible by assuming that each water mole~le is a sphere 
with residual electrical charges at four points on the 
sphere which are situated at the vertices of a tetrahedron. 
TWo of these charges are positive and two are negative. 
When spheres come in contact with each other, the positive 
poles of one touch the n&@Jltive poles of another, thus 
building up a structure composed ot a central molecule 
tetrahedrally surrounded by four neighbors. Such a struc-
ture is a very open one and contains a lot of empty" spaces. 
The addition of' a substance to water will cause 
a change in the structure of the latter by influencing 
the residual charges and free intermolecular spaces. The 
nature of a molecule added and its size will determine either 
diminution or expansion in the free spaces and hence in 
volume. Polar substances will have a greater influence 
a d. Cham. Physics 1; 540,1933. 
b Sci. Monthly 46, 103, (1938}. 
on the residual electrical charges of' water than non-
polar substances and this intluence will again be modi-
tied. by the size of' a molecule, that is, by the closeness 
w1 th which it can approach the empty spaces of' water. 
Alcohol molecule does not polarize water, and 
its large size does not permit a close approach to the 
tree spaces, but alcohol by its bulk can break down the 
open structure of' lfater, thereby, reducing the attract! ve 
forces between water molecules and causing contraction in 
volume. This contraction reaches a maximum value probably 
when all open structure units of' water have been distorted, 
The influence of the f'urther addition ot alcohol upon struc-
ture can be attributed solely to the attractive 1brces act-
ing between residual charges of' water and alcohol, and to 
the association ot alcohol molecules which increases in 
a 
concentrated solutions. This state of' attairs is accom-
panied by diminution in volume smaller than the previous 
one, 
Recent studies of' the intra-red absorption of' 
ethyl alcohol and water mixturesb reveal the presence of' 
certain bonds which are not characteristic of' either com-
ponent of' the mixture. 'l'he origin of these bonds is 
...... .., _______ -----------.-. ....... -.... .. ------~-..-.....-.--. .... -.....-.--.. --.............. --------...... 
a Chem. Rev. 20, 257 (1937) 
b J. Phys. Cham. 41, 645 (1937) 
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attributed to an interaction between the molecules of the 
components resulting either in the distortion of the water 
molecules or in association of water and alcohol molecules. 
Refractive index data when referred to the above 
considerations are probably influenced by structural and 
polar characteristics of alcohol and of water molecules. 
The main factors present in the mixture are probably dim-
inution in the free intermolecular spaces of water, inter-
action between alcohol and water, and association of alco-
hol. The first of these factors causes an increase in re-
tractive index, and the last two cause a decrease in it. 
The net result corresponds to the influence Which predomi-
nates. As the tree spaces in water diminish, and the mole-
cules become more closely packed, the refractive index in-
creases until a maximum value corresponding to the disap-
pearance of the open structure of water is reached. A fur-
ther influence upon refraction is due to the attraction be-
tween water and alcohol molecules and to the association of 
alcohol. A picture or associated molecules determined by 
a X-ray method would indicate a rather open structure of 
molecular clusters formed by means of hydrogen bridge of 
------------------------------------------------·--~------
a J. Am. Chem. Soc. 60,779,1938. 
13 
the hydroxyl group. such a picture is in agreement with 
decreasing values in refractive index. 
Some of the physical properties of alcohol and 
water (abnormal surface tension relationships, abnormal 
critical ratios, high latent heats of evaporation, hign 
dielectric constants, and abnormal molecular weights in 
solution) studied by Sugdenagive indication of association 
of alcohol and water, but data obtained do not measure the 
degree or association, and therefore have only a quali ta-
tive meaning. 
Viscosity concentration curves of alcohol and 
water mixtures are similar to refractive index-concentra-
tion curves in that they show a maximum at a certain con-
centration. Explaining this maximum in Viscosity, Dunstanb 
believes that association and eventually complex formation 
is greater at this point than at any other point. An exa-
mination of viscosity concentration CQrves shows that there 
is no appreciable shift of maximum with "Varying temperature. 
This indicates that aggregates Which exist in solution 
posses a certain temperature range ot stability. pp.l8 andl9. 
cTone s • 0 on the other hand, believes that when 
~~~----------~--~~-------------~-----------------------
a S. Sugden, The Parachor & Valency, 1930, Geo. Routledge 
and Sons , Lond011. 
b cT. Chem. Soc. 95, 1556 (1909) 
c H. c. crones, Conductivity & Viscosities in Pure and 
Mixed Solvents, 1915, Carnegie Institure 
of Washington. Wash in£ ton D. C 
two associated liquids are mixed, each diminishes the 
association of the other. The result is the formation 
of a large number of simple molecules from a smaller num-
ber ot ~rge complexes, with an increase of frictional 
surface and a consequent increase in 'Viscosity. 
A mechanism of viscous flow which takes account 
of empty spaces between molecules& is in better agreement 
with the structural picture of water-alcohol solution. 
When one layer of molecules slips over a neighboring layer 
of molecules, a double molecule, one trom each layer, is 
instantaneously tormed. If there is sufficient space avail-
able this double molacnle can rotate and then dissociate. 
By a succession of these processes, one layer of liquid 
can tlow past another layer. 
It was calculated that, :tor many normal liquids, 
the activation energy tor viscous flow is in the neigh-
borhood of a 'third to a fourth the heat ot vaporization. 
Since 1 t requires the same oergy to Qlke a hole of mole-
eular size as to vaporize a molecule, it was concluded 
tbat the required hole which permits rotation in rtacous 
flow is about one-third to one-tOQrth the size occupied 
by a molecule. 
~~~~-----~----------~--~--~-----------~---------------
a ~. Chem. Phys. 5, 907 (1937) 
15 
Destruction of open structure of water by addi-
tion of alcohol increases viscosity in accordance with 
above described mechanism. At about 45 percent alcohol 
(p.l9} viscosity reaches max~um Talue which probably cor-
responds to the minimum apace available tor rotation to 
insure viscous flow. 
16 
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VISCOSI'!'Y OF E1'HYL AI.COHOL-w.&.TER SOLUTIONS 
(Data trom Iatel'Dafi ional Critical Table a .. ) 
% o-r Alcohol ViseGsity in millipoiaea bz .... 10 t. 'f-!O•c 'f-2s•c ~o·c 
10 15.4 15.2 11.53 
20 21.6 16.0 15.3 
30 26.7 aa.o 18.4 
40 26.6 23.'1 19.9 
4.5 28.6 23.8 20.0 
50 28.3 23.6 20.0 
60 26.4 2%.3 19.0 
'10 23.6 20.2 17 •• 
80 19.9 17.3 15.1 
90 16.0 14.2 12.7 
100 11.8 11.0 9.97 
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PART II - EXP.ImiM.ENTAL 
In obtaining data which t"ollow, sam.ples of ethyl 
alcohol were diluted with distilled water to approximately 
desired concentrations. Densitie-s of these soluti.ons were 
determined in a pyknometer bottle at a constant temperature 
regulated by automatically controlled thermostat. The 
exact concentrations or the S8Jilple solutions were then cal-
culated from the densiti4UJ. Refractive index measurements 
were acoomplish.ed w1 th an Abbd refractometer at tour tem-
peratures: 20°0, 25°0. 30°0 and 35°C. These temperatures 
were maintained constant by letting a stream. of water trom 
the thermostat circulate through water jackets in which 
the prisms or the refractometer are mounted. 
The greatest possible accuracy attainable in the 
refractometer used is 0.0001. '!'he ti ve decimal figures 
which appet:l.r in the tables are the average Talues of seven 
readings taken each time • 1'he last 4ec1mal f'1gures do not 
appear, however, 1n 'the graphs • 
The retract! ve i.D.dex "ftllues for the same percent 
concentration ot alcohol are highest when measured at ao•c 
and lowest when measured at 35°0. The maximum Talnes at 
ao•c, 25•c, 30°0 and 35•c are :respect1ve1y: 1.36490, 
1.36341, 1.36116 and 1.35913. At ao•c the maximum 1n re-
20 
tractive index correspoms to 82.86% alcohol (p.23). At 
25°0 maximum. occurs at lower concentration, namely, 77 .Ol% 
(p.25); at 30•c maximum is at 77.35% (p.27). and at 55•c, 
it is again at 82.86% (p.29). 
In the last two instances, i.e., at 30•c and 
35°0, the maxima in retraction nre chosen on the basis 
ot the fifth decimal figure. However, if' tour decimal 
figures are considered, maximum in retraction possesses 
a certain range or stability extending from 77.35% to 
82.86%. At these concentrations or alcohol, the retractive 
index values are the same, namely, 1.3611 at 30•c (p.26,27} 
and 1.3591 at 35•c (p.28,29 ). 
All tour refractive index-concentration curves 
have similar shapes in that they rise rapidly with increas-
ing concentration up to about 70%. Past this concentra-
tion. they approach the maximum point slowly and then 
drop rather rapidly. The tables and the accompanying curves 
are shown on pp.22-29 • 
21 
22 
TABLE II 
Refractive Index ot Ethyl Alcohol-Water Mixtures at 20•c 
% or Ethyl Refractive Index 
Alcohol bz weisat. 'I' 20°C 
o.oo 1.33316 
7.61 1.33795 
15.55 1.34.352 
24.~2 l.M914 
41.51 1.35855 
50.4.5 1.36336 
66.44 1.36410 
71.23 1.36452 
77.35 1.36475 
82.86 1.36490 
83.55 1.36486 
92.58 1.36370 
96.33 1.35237 
Maximum • 1.36490 at 82.86%. 
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TABLE III 
Retract1Te In4ax ot Ethyl Alcohol-water Mixtures at 25°C 
'1t or Ethyl 
Alcohol 
by We1f5ht. 
o.oo 
12.04 
16.45 
20.46 
25.,04 
29.41 
38.82 
43.6'1 
48.49 
53.60 
58.49 
60.45 
69.10 
Retraet1Te Index 
'r 25°0 
1.33276 
1.33505 
1.33720 
1.33763 
1.34068 
1.343M 
1.34678 
1.34965 
1.35188 
1.35630 
1.35795 
1.35940 
1.360'15 
1.36160 
1.36185 
1.36298 
% at Ethyl 
Alcohol 
by Weigl!t. 
70.40 
74.ll 
75.86 
7'1.01 
78.32 
79.39 
80.57 
81.30 
82.88 
83.81 
84.81 
86.07 
92.68 
96.33 
Refractive Index 
T 25•c 
1.36304r 
1.36319 
1.36321 
1.36334 
1.363U 
1.36339 
1.36331 
1.36327 
1.36325 
1.36314-
1.36307 
1.36301 
1.36292 
1.36166 
1.36083 
Maximum ~ 1.36341 at '1'1.01% 
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'fABLE IV 
Refractive Index ot Ethyl Alcohol-water M1xtQres at 3Q•c 
% ot Ethyl Re:traet1Y& In4e:x 
Alcohol bz we1s!t. 'l,t 3o•o 
o.oo 1.3Sl78 
7.61 1.33658 
15.55 1.34188 
24.42 1.34715 
41.51 1.35580 
60.45 1.35992 
66.44 1.36060 
71.23 1.36104 
77.35 1.36116 
82.86 1.36113 
83.55 1.36098 
92.68 1.35963 
96.33 1.35835 
Mdimum =- 1.36116 at 7'1.35%. 
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TABLE V 
Retraeti ve In4ex ot Ethyl J..loohol-water Mixtures &t 35•0 
% or Ethyl Refractive Index 
Alcohol by weight. 'f 35o.c 
o.oo 1.33174 
'1.61 1.33600 
24.42 1.34502 
41.51 1.35404 
60.45 1.35811 
66.44 1.35880 
71.23 1.35908 
77.35 1.35911 
82.86 1.35913 
83.55 1.35901 
92.68 1.35760 
96.33 1.35600 
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TABLE VI 
SPECIFIC REFRACTIONS OF ALCOHOL-WATER MIXTURES 
-r- -II- -I.II- -IV-
Sp. retractions sp. retractions 
calculated with calculated 111 th 
aid ot Lorenz. & aid or additive Dif:terence 
% ot ethyl Lorentz aqua tion: mixture rule: between 
alcohol r .- n2-ll r - q,r ,+q2r 2 
2 8c 3 bz weimt. n2+! tf 
o.oo 0.,2061 0.2061 o.oooo 
3.69 0.2089 0.2082 0.0007 
7.61 0.2114 0.2117 0.0003 
8 .. 02 0.2118 0.2120 0.0002 
12.04 0.2147 0.2150 0.0003 
16.45 0.2178 0 .. 2183 0.0005 
20.46 0.2209 0.2213 0.0004 
25.04 0.2243 0.2248 0.0005 
29.41 0.2271 0.2280 0.0009 
38.82 0.2341 0.2350 0.0009 
43.67 0.2376 0.2386 0.0010 
48.49 0.2413 0.2422 0.0009 
53.60 0.2451 0.2450 o.ooog 
58.49 0.2489 0.2497 0.0008 
60.45 0.2502 0.2511 0.0009 
69.10 0.2568 0.2576 0.0008 
70.43 0.2578 0.2586 o.ooos 
73.67 0.2602 0.2610 o.ooo8 
74.11 0.2606 0.2613 0.0007 
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TABLE VI (continued) 
-I- -II- -III- -IV-
Sp. refractions Sp. refractions 
calculated with calculated with 
aid ot Lorenz & aid or additive 
% of ethyl Lorentz2e~Wftion: mixture rule: Difference alcohol r='n- r • q,r,+q2r 2 between by weight. n!+2 a 2 & 3 
75,86 0.2620 0.2626 0.,0006 
77.01 0.2629 0.2635 0.0006 
78.32 0.2639 0.2645 0.0006 
79.39 0.2647 0.2653 0.0006 
80.57 0.2655 0.2661 0.0006 
81.30 0 .. 2661 0.2667 0.0006 
82.88 0.2673 0.2679 0.0006 
83.81 0.2680 0.268'1 0.0007 
84.81 0.2688 0.2693 0.0005 
86.07 0.2699 0.2702 0.0003 
92 .. 68 0.2'148 0.2752 0.0004 
96.33 0.2778 0.2779 0.0001 
100. 0.2807 0.2807 o.oooo 
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TABLE VII 
DEVIATION OF REFRACTIVE INDEX 
tran. 
ADDITIVE RElATION 
(Calculated trom Graph III) 
% ethyl alcohol RetractiTe Index 
bl wei~ht. T 2o•c 
7.61 1.33790 
15.55 1.34362 
24.42 1.34.914 
41.51 1.35856 
60.45 1.36336 
66.44 1.36410 
71.23 1.36462 
77.35 1.36476 
88.86 1.36490 
83.55 1.36486 
92.88 1.36370 
DeTiation 
0.002-i 
0.0058 
0.0088 
0.012'1 
o.o11a 
0.0108 
0.0098 
0.0083 
0.006'1 
0.0064 
0.0025 
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TABLE VIII 
DEVIATION OF REFRACTIVE INDEX 
trom 
ADDITIVE BELlTION 
(Calculated ~ Graph IV) 
% ethyl alcohol Refractive Index 
bl Ri~t. T ao•c 
3.96 1.35505 
'1.61 1.3S720 
12.04, l.M068 
16.~ 1.34.364: 
20.:46 1.34678 
25.04 1.34965 
29.41 1.35188 
38.82 1.35630 
4:3.67 1.35'795 
48.4t9 1.3594:0 
53.60 1.36075 
58.49 1.36160 
69.10 1.36298 
73.67 1.36319 
75.86 1.36334 
77.01 1.36341 
'19 .39 1.36331 
83.81 1.3630'7 
86.0'7 1.36292 
92.68 1.36166 
Deviation 
0.0014 
o.oo25 
0.0~6 
0.0063 
0.0083 
0.0098 
0.0108 
0.0126 
o.oi.Sl 
0.0129 
0.0126 
0.0122 
0.0103 
0.0093 
0.006'1 
0.0086 
0.007'1 
0.0062 
O.OOM 
0.0022. 
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DEVIATION OF REl'RA.C'l'IVE INDEX 
trom. 
ADDITIVE RELATION 
(Calculated from Graph V} 
fa etlll.yl alcohol Retract1Ya Index 
by nipt. T 30•c 
7.61 1.33658 
15.55 1.34.188 
24.42 1.34.715 
41.51 1.35580 
60.45 1.35992 
66.44 1.36060 
71.23 1.36104. 
77.35 1.36116 
82.86 1.36113 
92.68 1.35963 
Deviation 
0.0029 
0.0061 
0.0090 
0.0130 
0.0119 
0.0108 
0.0099 
0.0083 
0.0053 
0.0024 
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'fABLE X 
DDIATION o:r D!'RA.CTIVE INDEX 
tram. 
ADDITIVE RElATION 
{Calculated tram Graph VI) 
% ethy'-1 alcohol Retractive Index 
bl weisht. T 35•c 
7.61 1.35600 
15.55 1.34125 
24.42 1.34.502 
41.51 1.35404 
60.45 1.35811 
66.44 1.35880 
'11.23 1.35908 
'17 .35 1.35911 
82.86 1.35913 
83.55 1.35901 
92.68 1.35760 
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Deviation 
0.0026 
0.0055 
0.0066 
0.0108 
0.0096 
0.0086 
0.00'16 
0.0059 
0.0045 
0.0043 
0.0024 
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Comparing refractive index concentration curves 
with those plotted on the basis o~ data ~ound in the 
International Critical Tables (p. 43,44 ) it is seen that 
tbey are similar in shape and possess a certain tempera-
ture range or stab111 ty. Data below show tba t within the 
range ot 20 degrees centigrade (356 C - 156 0) the maximum 
1n refractive index oscillates with.in the limits ot alco-
hol concentration equal to 6.74% (83.75%- 77.01%); tbe 
values tor retracti ve index decrease with increasing tem-
perature. 
15 
15.5 
17.5 
20 
25 
Data tram International Critical Tables 
%" ot Ethyl Alcohol by- we.igb. t 
corresponding to max~ 
80 
83.63 
83.75 
'19.4 
79.3 
Data trom Tables II, III, IV, V 
Refractive In-
dex .ma.ximum 
1.36690 
1.36651 
1.36587 
1.36500 
1.363315 
------------~----~--~------------------~---------~----
20 
25 
30 
35 
82.86 
77.01 
77.35 
82.86 
1.36490 
1.56341 
1.36116 
1.35913 
~-~~----~-~----~--------------------------~--~------
In Tiew ot. the preceding discussion, a tem.pera-
ture range ot stability would indicate that a similar in-
ternal structure ot alcohol-• ter mixtures exists w1 thin 
this range and refraction becomes proportional to the 
thexmal expansibility of liquids. At higher temperatures 
where kinetic effects might be very great, the structural 
cam..posi tion of the mixture should become ditrerent. 'rhe 
deviation :trom a straight line function tor temperatures 
.measured 1a greatest at about 45 percent alcohol and does 
not change appreciablY within limited taaperature range. 
From the effects of pressure (p. 46 ,4'1 l, it ia 
s.een that the com.position of' alcohol-•ter mixtures at the 
minimum boiling point varies with pressure; the composition 
of alcohol decreasing with increasing pressure. This seems 
to indicate that no definite canpound f~ation is present. 
As pressure is increased, the attraction between alcohol 
molecules becomes probably greater than between alcohol 
and water m.oleeule s and the escaping tendency of alcohol 
becomes smaller. 
This pressure effect together with viscosity and 
retracti ve index clata gives support to the hypothesis of 
4ipole interaction and formation of unstable continuous 
polar lattices by alcohol and water molecules. 
A Tiew taken by Marsha is that substances which 
exhibit negative deviation trom Raoult 's la.w, possess ten-
a ;r. s. Marsh., Principles of Phase Diagrams, 1st Ed., 
1955, McGraw-Hill. Book Company, Inc., New York. 
41 
d.enay toward compound :ror• t ion. A.l though no detini te 
compounds can be isolated, the interaction o:r dipoles ia 
sutticient to establish equilibrium between substances 
A an.d B. A • B .=.A.B. Such reactions are accODLpanied. bT 
an energy change which manifests itsel:r as beat energy, 
which may be regarded as heat o:r reaction. i'he :rac't that 
composition o:r solutions varies with pres~• does not ex-
clude the tendency to :tom. compounds. Marsh has shown 
that positions o:t maxima and minima depend entirely upon 
the •tilt"" of the curve. When deviation curve is rotated 
in such a way that the perfect solution straight line is 
in horizontal position, the maximum and minimum values 
tar a given property correspond to new mol traction Taluea 
ot solution. 
Viscosity and refractive index data together 
with pressure e:t'teot, give support to the hypothesis ot 
dipole interaction which results either in tomation o:r 
unstable oontinuoua polar lattices by alcohol and water 
molecules, or in a stable equilibriUDt condition existing 
between associated and unassociated molecules. 
42 
43 
TA.Bl.J!! XI 
REFRACTIVE INDEX OF ETHYL ALCOHOL-WATER MIXTURES 
(From. International Critical Tables) 
~ etb7l % ethyl tfo ethyl 
aleohol alcohol al.coho1 
by wt. Ret"ractive by wt. Ret'ractive by wt. Refractive 
T 15°C Index T 17.5°0 Ind. ex T 200C Index 
0 1.33345 0 1.333~0 2.2 1.3333 
10 1.34020 0.99 1.333&7 2.8 1.3335 
20 1.34778 1.80 1.33416 3.92 1.3Ml 
30 1.35420 2.60 1.33466 8.04 1.3370 
40 1.35948 3.41 1.33517 16.33 1 .. 3432 
46 1.35170 4.22 1.33568 24.49 1.3492 
50 1.36290 8.32 1.33843 33.35 1.3545 
55 1.36405 16.25 1.34441 42.4 1.3585 
60 1.36505 26.31 1.35043 52.09 1.3615 
65 1.36586 35.67 1.35565 62.6 1.3633 
70 1.36645 45.27 1.35953 '13 .7 1.3648 
75 1.36676 55.42 1.36248 79.4 1.3650 
80 1.36690 66.05 1.36448 85.8 1.3643 
85 1.366'18 77.21 1.36565 92.5 1.3635 
90 1.36626 83.75 1.36587 99.3 1.3618 
95 1.36518 88.46 1.36565 
100 1.36332 95.04 1.36448 
100. 1.36229 
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TABLE XI 
REFRACTIVE INDEX OF ETHYL ALCOHOL-WATER MIXTURES 
(From International Critical Tables) 
(Continued) 
~ ethyl %ethyl 
alcohol alcohol 
by wt. Refractive by wt. Refractive 
T 25°C Index T 25°C Index 
70 1.363038 87 1.36280 
'14 1.363208 88 1.36269 
75 1~363239 89 1.36255 
76 1.363265 90 1.36239 
77 1.363286 91 1.36221 
'18 1.363302 92 1.36200 
'19 1.363313 93 1.36178 
79.3 1.363315 94 1.36153 
80 1.36331 95 1.36125 
81 1.36326 96 1.36094 
82 1.36319 97 1.36061 
83 1.36312 98 1.36024 
84 1.36305 99 1.35984 
85 1.36297 100 1.35941 
86 1.36290 
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TABLE XII 
EFFECT OF PRESSURE UPON AZEOTROPIC MIXTURES 
(From International Critical Tables) 
A • ~0 
p. mm Hg B.P. °C Mol % B 
100 34.2 99.6 
150 42.0 96.2 
200 47.8 93.8 
400 62.8 91.4 
760 78.1 90.0 
1100 87.8 89.3 
1450 95.3 89.0 
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CONCLUSION 
~ing into consiaeration errors in observation 
and measurements, the general shape ot retractive index-
composition curves determined in this work can.pares favor-
ably w1 th retracti ve index Talues tor lower temperatures 
tabulated in the Inter.natiou.l Critical Tables. 
Recent researches in the realm ot pure liquids 
and solutions indicate an ~portance ot the structural et-
tects present in liquids. Physical properties become thus 
a function ot structural modifications which accompany pure 
liquids and solutions. 
In the light ot older theories, these stractural 
m.oditications were due only to physical torces. Recent 
views, on the other band, take account ot both physical 
and chemical forces mainly through the interaction ot di-
poles. 
The interpretation ot retractive index·values of 
alcohol and water mixtures was atte111pted in the light ot 
both theories. In the first instance, refractive index 
becomes a fUnction ot relative magnitudes ot molecular 
volumes ot alcohol and water, and relative number ot dit-
tennt molecular species present. The resultant ettect is 
a greater or smaller d~inution in the tree intermolecular 
spaces between alcohol and water molecules. 
In the second instance, refractive index does not 
48 
r 
depend only on the size and shape of molecules, but also 
on the polar cbal."acter of water and alcohol. The inter-
action ot dipoles present in these liquids accounts for 
their association, the degree of which nries with the 
change in concentration.. Ret'racti ve index aa well as otlBr 
pqaical prGpert1es become directly influenced by inter-
action of dipoles betwec molecules of the same species 
and between molecules of different species. 
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